The aim of this work is to development a software (CZ ThermaDiff) to determinate the thermal diffusivity from biomaterials, like enamel, using infrared thermography. This software was develop in graphical programming in LabView (National Instruments), integrating the infrared camera (Thermacam SC3000, FLIR) to make the system easier and comfortable to any user, besides their knowledge about the equipment. In this first experiment it was possible to plot the thermal diffusivity of enamel as a function of temperature, but for further experiments the thermal diffusivity of different biomaterials will be obtained.
Introduction
Lasers have been used in many dentistry proceedings that can cause an increase in temperature in the tissue itself or in its adjacent. That increase could cause reversible or irreversible damage [1] , such as tooth necrosis, since the temperature of the tooth pulp can not increase 5.5 °C [2] . The tooth coronal potion is divided in three layers: enamel, dentin and pulp, than the enamel is mineralized tissue compound mainly by 96% of hydroxyapatite and 4% of organic matrix [3] . The dentin is quite similar than enamel, main difference is the organic matrix is much higher than in enamel and the dentin is thicker than enamel, also the dentin have the extension of specialized (odontoblasts) cells from de pulp, where is located the nerve endings and blood vessels [4] .
The thermal diffusivity can be measured by several methods, for example, photoacustic method [5] , Angstron method [6] and laser flash method [7] , but these methods were used just at room temperature. A few authors have used the infrared thermography method to calculate the thermal diffusivity [8, 4] . Thus in this work we used the infrared thermography method to calculate the thermal diffusivity of enamel and dentin in high temperatures through the heat equation [9] . The enamel when is irradiated by laser, there is a drastic increase of temperature and in high temperatures it can suffer chemical and physical changes [10] .
LabView is easy to understand and can thus be used to achieve productive results more quickly. With LabView, programming is done via block diagrams that consist of icons and wires that can be directly compiled into executable code and at the same time the control panel is built, that mimic a real control panel making the communication with the used easier [11] .
Material and methods
The CZ ThermaDiff`s interface was development at LabView (National Instruments, Austin, TX) to become the use of the thermographic camera easier and was development an arrangement to put in line the camera (Thermacam SC 3000, FLIR System, USA), the laser (Er:Cr:YSGG, λ=2,79 μm) and the sample. The sample was positioned in the camera focus at 2 cm and the laser in the irradiation position (figure 1). The laser was used to heat the sample to high temperatures. 
Sample preparation
Before the irradiation the samples were prepared, first the tooth were cut to separate the enamel from the dentin. The enamel was cut in blocks of 4x4x1 mm. There was irradiated five samples for each biomaterial. All the samples were cut in the cutter Accutom -5 (Struers, Denmark) and polished in the polisher EcoMet 250 Grinder-Polisher (Buehler, Germany). In this work were used bovine teeth, these were chosen because the tooth is bigger than a human tooth so it was easier to prepare and easier to find the number of samples that we needed.
Irradiation and acquisition
Thereafter the samples were ready to be irradiated using the laser Er:Cr:YSGG model Waterlase (Biolase Technology, USA), that emits at a wavelength of 2.78 µm operates in pulsed mode with temporal width of between 140-200 µs and the repetition rate of 20 Hz. For the irradiation we used the sapphire G6 tip (600 μm of diameter -Biolase Technology, USA). The tip was positioned perpendicular to the sample, the distance from the tip to samples was 1 mm and only half of the beam reaches the sample. The irradiation time was 10 s and was used power of 3.75 W and energy of 98.7 mJ for all samples.
The acquisition was made by a thermographic camera Thermacam SC 3000(FLIR System, USA), which was developed for research and can work in high acquisition frequency. For this work we used the acquisition frequency of 300 Hz with a thermal range of 37 °C to 560 °C and focal distance of 2 cm. The work first idea was to integrate the image acquisition to the software that was development by this work, but for some software limitation that was not possible, because the acquisition frequency do not reach the 300 Hz. So first the image sequence was saved in the camera`s software (ThermaCAM Reasearcher, FLIR System/USA) and after load by our software.
For start the acquisition some parameters were given such as the material emissivity, atmospheric temperature, humidity, reflected temperature and sample distance (table 1) . When the camera is set to work with an acquisition frequency of 300 Hz the images have the size of 320x48 pixels and the sequence of images was saved in .SEQ format to be load in the CZ ThemaDiff software. 
Tabla 1. Parameters used for the image acquisition by the thermographic camera

Thermal diffusivity calculation
First to calculate de thermal diffusivity we solve the heat transfer equation (Eq. 1) for the boundary conditions of this work, which were the cylindrical shape of the laser beam and the heat distribution considered was radial. The particular solution is (Eq. 2):
where: I0 is the intensity at the center of the laser beam, α is the thermal diffusivity, t is the time, r is the radial variable, R is the radius when the laser beam energy decreases 13.57%.  is an arbitrary constant.
From the Eq. 2 was obtained Eq. 3:
Now replacing the Eq. 3 in the Eq. 2 is obtained the Eq. 4:
After this adjustment and with the experimental data was possible to calculate the value of ) (t  by comparing the Eq. 4 to the Eq. 5 that is the Gaussian fit, which was made in the experimental data. Where a is the amplitude, x is the radial variable,  standart derivation, c is the offset and µ is the Gaussian center. One boundary condition is that the µ is equal to zero, because the point with higher value always is the Gaussian center.
Plotting the values of ) (t  as function of the temperature and making a linear fitting (Eq. 7) was possible to compare the Eq. 3 with the linear fitting equation.
The thermal diffusivity can be obtained by the slope of this line (Eq. 8).
Where a is the slope and b is the intercept of the line.
Software development
The software CZ ThermaDiff was developed in LabView (National Instruments, Austin, TX) and for the communication between the thermographic camera and the LabView we bought a toolkit (ThermoVision Digital Toolkit 3.1 SR-1) from FLIR. The software works like is shown in figure 2:
Fig. 2. Flowchart showing step by step how the software works
As we can see in the figure 2 the software start loading the image and save data to manipulation. So the image sequence have some frames before to start the laser irradiation, although the algorithm make a test to find the first frame with the temperature greater than 38 °C , that means the frame where happens the laser irradiation. From this point we start to separate the frames during the laser irradiation from the cooling time. The laser pulse is too short (about 140 -200 µs) for the thermographic camera frequency (300 Hz) make more than one image and the cooling time is bigger than the laser pulse, it is 46.2 ms so the number of frame in the cooling time is 14. Then for more adjustments we just work with the last 10 frames, because in the first 4 frames the number of pixels with the highest temperature is big, so that difficult the Gaussian fitting.
In the second part of the algorithm was made the Gaussian and linear fit on the thermographic data. The software first find transform the images in an array and after for each image the software find the line with highest temperature and create an array with the temperature and the radius distance, each one in one line of the array. The radius distance calculated by the pixel size, which have the size of 0.0018 cm. The software plot this array and make the Gaussian fit ( figure 3 ) and comparing the heat Eq. 4 with the fit Eq. 5 we could find the values of ) (t  for each line. So in one frame this happens in 8 consecutives lines and with these 8 ) (t  values the software build a array with these values with the time values. Therefore the software make a linear fit in this array (figure 4) and compare the fit Eq. 7 with the Eq. 3, so with the fit slope value the software can determinate the thermal diffusivity value. 
) (t  array plot indicating by the dots and the linear fit by the red line
With the thermal diffusivity values for each frame as function of the temperature, the software make the thermal diffusivity average for intervals of 10 °C and plot this data. After all the software save all data in a file .xls and it is ready to start again.
Results and discussion
The CZ ThermaDiff software developed in this work is a prototype, because the idea is to the software acquires the image sequence and process it. But for this prototype the aim is just to prove that the method of thermal diffusivity calculation is correct and if the LabView is an appropriate tool for this work. So for this first version we used software ThermaCam Researcher (software provided by FLIR) acquire the image sequence. Therefore the control panel is shown in figure 5 :
Fig. 5. The control panel of the CZ ThermaDiff software developed in LabView
The results of this work, the thermal diffusivity of enamel are shown in the figure 6. Where it is plotted the mean values of the thermal diffusivity (cm 2 /s) as a function of temperature ( o C). The enamel's thermal diffusivity in figure 6 starts with the values similar to those reported in the literature between 0.0041 to 0.0048 cm²/s [12, 13, 14] , although in our results is possible to see that the thermal diffusivity to enamel, for temperatures higher than 375 o C, increase reaching a value around of 0.0065 cm²/s. That change happens due to in high temperatures that makes the enamel's water evaporated and the physical and chemical properties changes [10] .
There are some observations that have to be made, the main problem to calculate the thermal diffusivity is the beginning and the end of the image sequence. The beginning have a problem that is the few pixels with temperature higher than the basal temperature, which makes the Gaussian fit does not work correctly. And in the end of image sequence the material deterioration and the material ablation could disturb thermal diffusivity calculation.
Conclusion
The preliminaries results had shown that the infrared thermography method is a valid method to calculate the thermal diffusivity of enamel. The software CZ ThermaDiff created in LabView is a precise and easy tool to any user. Although that is just the first step, this because the software have some improves that will make it work better and faster than now, for example of improving is the buying of new frame-grabber from National Instruments and improve the method of image processing. And we plan that the software will be already fully integrated with the thermographic camera, determining the thermal diffusivity for different materials and dispose the experimental setup and the software CZ ThermaDiff for any laboratory.
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